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(54) SINGLE SUBSTRATE PROCESSING DEVICE 

(57)Abstract: ^ - 

PROBLEM TO BE SOLVED: To supply a processing liquid properly and uniformly 
adjust the surface temperature of a substrate. 

SOLUTION: Four nozzles 5a-5d are arranged at positions which are differently: 
distant respectively, toward the outer periphery from the rotary center of a - 
substrate 1. A radiation thermometer 7'constantly detects the surface temperature 
distribution of the substrate 1 and the detection results are output to a flow rate- 
controller 6. The radiation thermometer 7 indicates the surface temperature of the 
rapidly rotating substrate 1 as a concentric temperature distribution. The flow rate 
controller 6 analyzes the detected results of the temperature distribution received . 
from the radiation thermometer 7, and controls the flow rate of a processing liquid by 
adjusting the individual opening levels of valves 4a-4d on a processing liquid supply 
device 4 so that the" surface temperature of the substrate 1 is uniform. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A substrate rotation means to be the single-waferrprocessing substrate processor which supplies 
processing liquid to the front face of the rotating substrate, and to rotate said substrate, Two or more nozzles 
which are located in distance which is different toward the direction of a periphery, respectively from the center 
of rotation of said substrate, and supply said processing liquid on the substrate concerned, Two or more flow 
regulation means which carry out adjustable [ of the flow rate of said processing liquid which' corresponds to each 
of two or more of said nozzles, and two or more nozzles concerned supply ], A single-wafer-processing substrate 
processor equipped with a temperature detection means to detect distribution of the skin temperature of said 
whole substrate, and the flow rate control means which controls said two or more flow regulation means 
according to an individual based on the contents of detection of said temperature detection means so that 
distribution of the skin temperature of said substrate becomes unifohTi;' ^ ' ' v - 

[Claim 2] A substrate rotation means to be the single-wafer^processing substrate processor which supplies the 
processing liquid of M (M is two or more integers) class with which only temperiature differs to the front face of 
the rotating substrate, and to rotate said substrate, The nozzle of N (N is two. or more integers) individual which is 
located in distance which is different toward the direction of a periphery, respectively from the center of rotation 
of said substrate, and supplies said M kinds of processing liquid on. the substrate concerned. The flow regulation 
means of the individual which carries out adjustable [ of the flow rate of M kinds of said processing liquid which 
corresponds to each of the nozzle of said N individual, and the nozzle of the N individual concerned supplies ] 
(MxN), A single'-wafer^processing substrate processor equipped with a temperature detection means to: detect 
distribution of the skin temperature of said whole substrate, and the flow rate control means which controls the 
flow regulation means of the aforementioned (MxN) individual . according to an individual based on the contents of 
detection of said temperature detection means so that distribution of the skin temperature of said substrate . 
becomes uniform. - - J- 'i -.. , .j 

[Claim 3] Said flow rate control means is a single-wafer-processing substrate processor according to claim 2 
characterized :by. controlling JJ^e.flow^ 

processing liquid with which flow rates differ at the same temperature from the nozzle of said N. individual is . . . 
supplied. 

[Claim 4] Said flow rate control means is a single-wafer^processing substrate processor according to claim 2 
characterized by controlling the flow regulation means of the aforementioned (MxN) individual so that the 
processing liquid of temperature which is different by the same-flow rate from the' nozzle of said N: individual Js 
supplied. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] More specifically, this invention relates to the single-wafer-processing substrate 
processor which supplies processing liquid (a drug solution, pure water, etc.), and processes arbitration on the 
surface of substrates (a semi-conductor wafer, the glass substrate for liquid crystal displays, the glass substrate 
for photo masks, substrate for optical disks, etc.) about a single-wafer-processing substrate processor. 
[0002] 

[Description of the Prior Art] From the former, a single-wafer-processing substrate processor exists as 
equipment which performs surface preparation (etching, washing, photoresist spreading, development, etc.) of a 
substrate using processing liquid. This single-wafer-processing substrate processor is equipment which supplies 
processing liquid to the rotating substrate and performs surface treatment. 

[0003] Drawing 4 is drawing of longitudinal section of the conventional single-wafer-processing substrate 
processor. In drawing 4 . the conventional single-wafer-processing substrate processor is equipped with the spin 
base 2 which holds a substrate 1 fixed, the motor 3 which carries out high-speed rotation of the spin base 2, and 
the processing liquid feeder 4 which supplies processing liquid to a part for the surface core of a substrate 1 from 
nozzle 5a. The processing liquid feeder 4 opens and closes bulb 4a, and supplies processing liquid. 
[0004] The conventional single-wafer-processing substrate processor is supplying processing liquid to a part for 
the core of the substrate 1 which carries out high-speed rotation from nozzle 5a, and supplying the processing 
liquid from a part for a core to the periphery part of a substrate 1 by the above-mentioned configuration, using 
the centrifugal force of a substrate 1 , and makes surface treatment of the substrate 1 whole possible. 
[0005] 

[Problem(s) to be Solved by the Invention] Here, in order that the processing liquid used for the surface 
treatment of a substrate 1 may pull out the treatment effect to the maximum extent, what was adjusted to the 
temperature defined beforehand is used. 

[0006] however — in order to only supply processing liquid to one place for a core of a substrate 1 . until it 
supplies processing liquid to the periphery part of a substrate 1 in the above-mentioned conventional single- 
wafer-processing substrate processor using a centrifugal force — processing liquid — heat dissipation or 
endoergic is carried out and whenever [ processing solution temperature / of the substrate 1 whole ] does not 
become homogeneity. That is, the temperature of the processing liquid for a core of a substrate 1 will differ from 
the temperature of the processing liquid of a periphery part, 
- 4;OD07] Thus, -when the. temperature^olt^^^ 
homogeneity, removal of the organic-substance metallurgy group and the particle held using hot processing liquid 
etc. lacks in the homogeneity of processing, and the problem that where of the progress condition of etching 
becomes an ununiformity in a part for a core and the periphery part of a substrate 1 produces it by that 
processing liquid is expensive than ordinary temperature or it being low in etching perfonned using the processing 
liquid before and behind ordinary temperature. 

[0008] So, the purpose of this invention is offering the single-wafet-processing substrate processor which 
supplies processing liquid appropriately and adjusts the skin temperature of a substrate to homogeneity. 
[0009] 

[The means for solving a technical problem and an effect of the invention] A substrate rotation means for the 1st 
invention to be a single-wafer^rocessing substrate processor which supplies processing liquid to the front face 
of the rotating substrate, and to rotate a substrate. Two or more nozzles which are located in distance which is 
different toward the direction of a periphery, respectively from the center of rotation of a substrate, and supply 
processing liquid on the substrate concerned. Two or more flow regulation means which carry out adjustable [ of 
the flow rate of the processing liquid which corresponds to each of two or more nozzles, and two or more nozzles 
concerned supply ], It has a temperature detection means to detect distribution of the skin temperature of the 
whole substrate, and the flow rate control means which controls two or more flow regulation means according to 
an individual based on the contents of detection of a temperature detection means so that distribution of the skin 
temperature of a substrate becomes uniform. 

[0010] As mentioned above, according to the 1st invention, skin temperature of a substrate can be made into 
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homogeneity by operating two or more flow regulation means corresponding to the temperature distribution 
always detected with a temperature detection means, and carrying out increase and decrease of the amount of 
supply of the processing liquid from two or more nozzles of control appropriately. Therefore, the homogeneity of 
the surface treatment of a substrate improves. 

[001 1] A substrate rotation means for the 2nd invention to be a single-wafer-processing substrate processor 
which supplies the processing liquid of M (M is two or more integers) class with which only temperature differs to 
the front face of the rotating substrate, and to rotate a substrate, The nozzle of N (N is two or more integers) 
individual which is located in distance which is different toward the direction of a periphery, respectively from the 
center of rotation of a substrate, and supplies M kinds of processing liquid on the substrate concerned, The flow 
regulation means of the individual which carries out adjustable [ of the flow rate of M kinds of processing liquid 
which corresponds to each of the nozzle of N individual and the nozzle of the N individual concerned supplies ] 
(MxN), It has a temperature detection means to detect distribution of the skin temperature of the whole substrate, 
and the flow rate control means which controls the flow regulation means of an individual according to an 
individual based on the contents of detection of a temperature detection means so that distribution of the skin 
temperature of a substrate becomes uniform (MxN). 

[0012] As mentioned above, according to the 2nd invention, it has the flow regulation means of N individual for M 
kinds from which only the temperature to supply differs of every processing liquid. And skin temperature of a 
substrate can be made into homogeneity by operating the flow regulation means of an individual (MxN) 
corresponding to the temperature distribution always detected with a temperature detection means, and carrying 
out increase and decrease of the amount of supply of the processing liquid from the nozzle of N individual of 
control appropriately. Therefore, the homogeneity of the surface treatment of a substrate improves. 
[0013] 3rd invention is characterized by a flow rate control means controlling the flow regulation means of an 
individual so that the processing liquid with which flow rates differ at the same temperature from the nozzle of N 
individual is supplied (MxN) in the 2nd invention. 

[0014] The 3rd invention considers the control approach of the flow rate control means In the 2nd invention as 
control by the flow rate of processing liquid. 

[0015] 4th invention is characterized by a flow rate control means controlling the flow regulation means of an 
individual so that the processing liquid of temperature which is different by the same flow rate from the nozzle of 
N individual is supplied (MxN) in the 2nd invention, 

[0016] The 4th invention considers the control approach of the flow rate control means in the 2nd invention as 

control by the temperature of processing liquid. 

[0017] 

[Embodiment of the Invention] (1st operation gestalt) Drawing 1 is drawing of longitudinal section of the single- 
- - waferrprocessing-substrate.processor:conceming.t^ 

single-wafer-processing substrate processor of the operation.gestalt of 1 Is equipped with the spin. base 2 
which holds a substrate 1 free [ rotation ], the motor 3 which carries but high-speed rotation of the spin base 2, 
the processing liquid feeder 4 which supplies processing liquid to the front face of a substrate 1. from four nozzles 
5a-5d. the control-o^-flow controller 6 which controls the flow rate of the processing liquid of the processing 
liquid feeder 4. and the radiation thermometer 7 which detect the temperature distribution of substrate 1 front 
face. The processing liquid feeder 4 is equipped with four bulbs 4a-4d. 

[0018] Four nozzles 5a-5d are formed in the location in distance which is different toward the direction of a 
periphery, respectively from the center of rotation of a substrate 1 . The radiation thermometer 7 has always 
detected the temperature distribution of substrate 1 front face, and outputs the result of the temperature 
distribution to the control-of-flow controller 6. Here, a radiation thermometer 7 will regard the skin temperature 
of the substrate 1 which carries out high-speed rotation as concentric circle-like temperature distribution. The 
control-of-flow controller 6 adjusts bulbs [ of the processing liquid feeder 4 / 4a-4d ] opening level separately, 
and controls the flow rate of processing liquid so that the temperature-distribution result received from the 
radiation thermometer 7 is analyzed and the skin temperature of a substrate 1 becomes homogeneity. 
[0019] Control performed by the control-of-flow controller 6 is performed by [ as being the following ]. When it 
must process in the range whose skin temperature of a substrate 1 is 78 degrees C - 80 degrees C using 80- 
degree C processing liquid, When from a part for a core to the periphery part of a substrate 1 serves as 
temperature distribution of the shape of a concentric circle which is 80 degrees C - 70 degrees C as a result of 
the first processing liquid supply (see drawing 2 ) processing — liquid — a flow rate — a nozzle — flve — d 
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J — jg _ a fioyy, rate — > — a nozzle — five — c — a flow rate — > — a nozzle — five — b — a flow rate 
>• — a nozzle — five — a — a flow rate — " — becoming — as — Bulbs [ 4a-4d ] opening level — respectively 
— an individual exception — controlling . That is, it is that which increases the amount of supply of the 
processing liquid to a periphery part with low temperature, and reduces the amount of supply of the processing 
liquid for a core (or now is still sufficient as the amount of supply for a core). 

[0020] As mentioned above, the single-wafer-processing substrate processor of the operation gestalt of **** 1 
can change the each bulbs [ 4a-4d ] amount of openings corresponding to the always detected temperature 
distribution, and can make skin temperature of a substrate 1 homogeneity by carrying out increase and decrease 
of the amount of supply of the processing liquid from each nozzles 5a-5d of control appropriately. In addition, 
control of Bulbs 4a-4d can also be carried out fixed by the ratio simply obtained from analysis or an actual proof 
besides the approach of making follow the temperature distribution detected as mentioned above, and tuning 
opening level finely according to an individual. 

[0021] (2nd operation gestalt) Drawing 3 is drawing of longitudinal section of the single-wafer-processing 
substrate processor concerning the 2nd operation gestalt of this invention. In drawing 3 the single-wafer- 
processing substrate processor of the operation gestalt of **** 2 The spin base 2 held for a substrate 1, enabling 
free rotation, and the motor 3 which carries out high-speed rotation of the spin base 2. It has the processing 
liquid feeder 4 which supplies the 1st and 2nd processing liquid to the front face of a substrate 1 from four 
nozzles 5a-5d, the control-ofHlow controller 6 which controls the flow rate of the 1st of the processing liquid 
feeder 4, and the 2nd processing liquid, and the radiation thermometer 7 which detects the temperature 
distribution of substrate 1 fi^ont face. The processing liquid feeder 4 is equipped with eight bulbs 4a-4h. 
[0022] The single-wafer-processing substrate processor of the operation gestalt of **** 2 has two processing 
liquid supply networks in the processing liquid feeder 4 compared with the single-wafer-processing substrate 
processor of the operation gestalt of the above 1st so that drawing 3 may also show (a Bulbs [ 4a-4d ] network 
and Bulbs [ 4e-4h ] network). And in this processing liquid feeder 4, although it is of the same kind, the 1 st and 
2nd processing liquid with which temperature differs is supplied to Bulbs 4a-4d and Bulbs 4e-4h, respectively. 
[0023] Here, when the temperature of the 1st processing liquid is [ the temperature of the 2nd processing liquid ] 
90 degrees C at 80 degrees C, control performed by the control-of-flow controller 6 is performed by [ as being 
the following ]. When it must process in the range whose skin temperature of a substrate 1 is'78 degrees C - 80 
degrees C, When from a part for a core to the periphery part of a substrate 1 serves as temperature distribution 
of the shape of a concentric circle which is 80 degrees C - 70 degrees C as a result of the first processing liquid 
supply (see drawing 2 ) Closing motion of Bulbs 4a-4h is controlled according to an individual, respectively to 
supply the 2nd processing liquid to nozzle 5c and nozzle 5d. and to supply the 1st processing liquid to nozzle 5a 
and nozzle 5b (Bulbs 4c, 4d, 4e, and 4f are stopped, and opening of the bulbs 4a, 4b, 4g, and 4h is carried out). At 
this time, Bulbs [ 4a-4h ] opening levermay:-be controlled accordingito an Jndividual,-respectively to become- "the. 
flow rate of flow rate > nozzle 5a of flow rate > nozzle 5b of nozzle 5d flow rate > nozzle 5c" at coincidence. 
Moreover, it is also possible by changing the rate of a throat area ratio (bulb 4a, bulb 4e and bulb 4b, bulb 4f and 
bulb 4c, bulb 4g or bulb 4d, and bulb 4h) to mix and supply the 1st processing liquid and the 2nd processing liquid. 
[0024] As mentioned above, the single-wafer-processing substrate processor of the operation gestalt of **** 2 
can make skin temperature of a substrate 1 homogeneity early more compared with the single-wafer-processing 
substrate processor of the operation gestalt of the above 1 st by using the temperature control of processing 
liquid, control of flow, or its both sides by having a processing liquid feed zone to the processing liquid with which 
temperature differs, respectively. In addition, the processing liquid of a different class can also be used for two 
processing liquid feed zones in the processing liquid feeder 4. 

[0025] In addition, in the single-wafer-processing substrate processor of the above 1 st and the 2nd operation 
gestalt, although explained using four bulbs 4a-4d (and bulbs 4e-4h), the number of bulbs is not restricted to this, 
but can set up the number freely. Moreover, although the single-wafer-processing substrate processor of the 
operation gestalt of the above 2nd explained the case where it had two processing liquid feed zones, the number 
of networks of a processing liquid feed zone is not restricted to this, either, but the number can be set up freely, 
furthermore — although four nozzles 5a-5d were formed to eight bulbs 4a-4h in the single-wafer-processing 
substrate processor of the operation gestalt of the above 2nd — eight bulbs 4 — a nozzle may be prepared every 
a-4h, respectively. Moreover, with the above 1st and the 2nd operation gestalt, although the flow rate was 
controlled by Bulbs 4a-4h, it may replace with a bulb, a flow rate may be controlled using a regulator, and a means 
to adjust a flow rate is not limited to a bulb. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section of the single-wafer-processing substrate processor concerning 
the 1 st operation gestalt of this invention. 

[Drawing 2] It is drawing showing an example of the temperature distribution of substrate 1 front face. 
[Drawing 3] It is drawing of longitudinal section of the single-wafer-processing substrate processor concerning 
the 2nd operation gestalt of this invention. 

[Drawing 4] It is drawing of longitudinal section of the conventional single-wafer-processing substrate processor. 
[Description of Notations] 

1 — Substrate 

2 — Spin base 

3 — Motor 

4 — Processing liquid feeder = . 
4a-4h — Bulb 

5a-5d — Nozzle 

6 — Control-ofmow controller 

7 — Radiation thermometer 
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